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Background/Aims: Chronic hepatitis B infection is a common cause of secondary membranous nephropathy (MN) in 
endemic areas. Lamivudine treatment improves renal outcome in patients with hepatitis B virus-associated MN (HBV- 
MN), but prolonged use leads to the emergence of lamivudine-resistant variants. We describe our experience treating 
lamivudine-resistant and other strains of HBV-MN with new antiviral drugs. 

Methods: Of the 89 patients biopsied and diagnosed with MN from 1996 to 2011, 10 positive for hepatitis B surface 
antigen were recruited for this study. We investigated the clinical courses, therapeutic responses, and prognoses of 
patients with HBV-MN. 

Results: The incidence of HBV-MN among the original 89 patients was 11.2%. Of these patients, four were treated with 
supportive care and six with antiviral drugs. One of the four patients treated with supportive care had a spontaneous 
remission. Four of the six patients treated with antiviral drugs were given lamivudine, and the other two were given 
entecavir. Two of the four patients treated with lamivudine achieved complete remission with seroconversion (i.e., 
development of anti-hepatitis B e antigen antibodies), whereas the other two had lamivudine-resistant strains, which 
were detected at 22 and 23 months after lamivudine treatment, respectively. We added adefovir to the treatment 
regimen for one of these patients, and for the other patient we substituted clevudine for lamivudine. Both of these 
patients experienced complete remission, as did the two patients initially treated with entecavir, neither of whom showed 
resistance to the drug. 

Conclusions: New nucleoside analogues, such as entecavir, adefovir, and clevudine, can be effective for treatment of 
HBV-MN, including lamivudine-resistant strains. 
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INTRODUCTION 

Membranous nephropathy (MN) is classified into 



idiopathic and secondary categories, with secondary 
causes identified in 20% of adult cases [1]. Frequent 
causes of secondary MN include autoimmune disease 



Received : March 2, 2012 
Revised : May 16, 2012 
Accepted: June 15, 2012 

Correspondence to Bum Soon Choi, M.D. 

Division of Nephrology, Department of Internal Medicine, Seoul St. Mary's Hospital, The Catholic University of Korea College of Medicine, 

222 Banpo-daero, Seocho-gu, Seoul 137-701, Korea 

Tel: 82-2-2258-6040, Fax: 82-2-599-3589, E-mail: sooncb@catholic.ac.kr 



Copyright © 2012 The Korean Association of Internal Medicine 

This is an Open Access article distributed und er the terms of the Creative Commons Attribution Non-Commercial License {http://creativecommons.0rg/licenses/by-nc/3.0/) which permits unrestricted non- 
commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. 



412 The Korean Journal of Internal Medicine Vol. 27, No. 4, December 2012 



(e.g., systemic lupus erythematosus), infectious disease 
(e.g., hepatitis B virus [HBV] infection), tumors, and 
drugs or toxins. HBV infection is a common cause of 
MN in endemic areas [2,3]. 

The natural history of HBV-associated MN (HBV-MN) 
is not completely understood. Unlike affected children, 
adults with HBV-MN typically develop progressive 
disease [4]. Various management strategies have been 
tried, but there is no optimal drug choice for the treat- 
ment of HBV-MN. Although steroids and cytotoxic 
agents are the cornerstone treatments for idiopathic 
MN, their efficacy has not been established for HBV- 
MN. Furthermore, such drugs can cause deleterious he- 
patic flare-ups or even fatal decompensation by enhanc- 
ing viral replication when the drugs are withdrawn [5]. 
Interferon- a therapy has shown mixed results in adults 
with HBV-MN, and it has side effects, such as flu-like 
symptoms [4,6]. 

Recently, lamivudine treatment for HBV-MN was 
shown to improve renal outcome without side effects [7]. 
However, a potential limitation of prolonged treatment 
with lamivudine is the emergence of drug-resistant 
strains following the induction and selection of HBV 
variants with mutations at the tyrosine-methionine-as- 
partate-aspartate (YMDD) motif of the DNA polymerase 
[8]. New drugs, such as entecavir, adefovir, and clevu- 
dine, have been introduced to treat chronic hepatitis B, 
but there are no clinical data regarding their efficacy 
for treating HBV-MN. In this study, we report our treat- 
ment experience of HBV-MN, including lamivudine- 
resistant strains, with several antiviral drugs, including 
entecavir, adefovir, and clevudine. 

METHODS 

Patient selection 

Eighty-nine patients who were biopsied and diag- 
nosed with MN between 1996 and 2011 formed the ini- 
tial subject pool for this study, from which 10 patients 
were enrolled. The criteria for patient selection were: 
age of 15 years or more at the first clinical presenta- 
tion; hepatitis B surface antigen (HBsAg) positivity and 
hepatitis B e antigen (HBeAg) positivity, or detection of 
circulating HBV DNA. Patients with MN secondary to 
another cause, such as neoplasm, infections other than 
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hepatitis B, connective tissue disorder, or putative drugs 
and toxins, were excluded. This study was approved by 
the Institutional Review Board of Seoul St. Mary's Hos- 
pital. 

Tests for serum HBsAg, anti-HBs antibodies, HBeAg, 
and anti-HBe antibodies were carried out by radioim- 
munoassay (Abbott Laboratories, Chicago, IL, USA). Se- 
rum HBV DNA levels were measured by either Quanti- 
plex branched DNA assay (Bayer Diagnostics, Berkeley, 
CA, USA; sensitivity > 7 x 10 5 copies/mL), VERSANT 
3.0 branched DNA assay (Bayer Healthcare LLC, Tar- 
rytown, NY, USA; sensitivity > 2 x 10 3 copies/mL), or a 
real-time polymerase chain reaction (RT-PCR) method 
(Abbott Real Time HBV Quantification kit, Abbott Mo- 
lecular Inc., Abbott Park, IL, USA; sensitivity > 28 cop- 
ies/mL). YMDD mutation was evaluated using a nested 
PCR and restriction fragment length polymorphism as- 
say [9]. 

Renal tissue samples were routinely processed and 
stained with hematoxylin and eosin, periodic acid- 
Schiff, Masson's trichrome, Jones's silver, and Congo 
red stains. For direct immunofluorescence, a frozen sec- 
tion of the fresh tissue sample was stained with antisera 
against human C3, C4, Ciq, IgA, IgM, IgG, and fibrino- 
gen. Complete remission from proteinuria was defined 
by a proteinuria value < 0.3 g/day in a patient with 
previous nephrotic range proteinuria. Partial remission 
was defined as a 50% reduction in urine protein and to a 
proteinuria level of < 3.5 g/day [10]. 

All data are presented as means ± standard devia- 
tions unless otherwise specified. Continuous variables 
at the start of treatment were compared by the Mann- 
Whitney test, categorical groups were compared with 
Fisher's exact test, and a p < 0.05 was considered to 
indicate statistical significance. Statistical analysis was 
performed with SPSS version 18.0 (SPSS Inc., Chicago, 
IL, USA). 

RESULTS 

Of the 89 patients with MN, 65 (73%) had idiopathic 
MN and 24 (27%) had secondary MN. Of patients with 
secondary MN, 10 (37%) had HBV-MN. The clinical and 
laboratory findings of patients with HBV-MN are pre- 
sented in Table 1. The patients included nine males and 
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Table 1. Clinical and laboratory findings of patients with hepatitis B virus-associated membranous nephropathy 



Pt. no 


Sex 


Follow-up, 


ALT, 


Plasma Cr, 


Urine protein, g/day 


Proteinuria 


Treatment 


/Age 


mon 


IU/L 


mg/dL 


Initial 


Last 


remission period, mon 


1 


M/31 


164 


235 


1.05 


0.5 


0.05 


18 


LAM 


2 


M/45 


60 


81 


0.72 


1.87 


0.01 


6 


ETV 


3 


M/30 


54 


156 


0.89 


9.74 


0.04 


19 


ETV 


4 


M/37 


187 


247 


1.2 


7.0 


0.01 


60 


LAM 


5 


M/25 


87 


107 


0.77 


5.92 


0.25 


21 


LAM— >ADV— >ETV 


6 


M/37 


68 


215 


0.87 


1.47 


0.03 


20 


LAM— >CLV 


7 


M/55 


155 


38 


0.86 


4.0 


1.15 


16 


Supportive 


8 


F/26 


70 


38 


0.59 


1.54 


0.1 


12 


Supportive 


9 


M/19 


18 


47 


0.9 


0.61 


0.7 




Supportive 


10 


M/64 


8 


18 


0.79 


4.39 


6.3 




Supportive 



Pt, patient, ALT, alanine aminotransferase; Cr, creatinine; LAM, lamivudine; ETV, entecavir; ADV, adefovir; CLV, clevudine. 



one female, with a mean age of 37 years (range, 19 to 
64). Of these patients, five had nephrotic syndrome, and 
the other five had subnephrotic range proteinuria. The 
mean urinary protein excretion was 3.70 g/day (range, 
0.50 to 9.74). The median serum creatinine concentra- 
tion was 0.86 mg/dL (range, 0.59 to 1.2). All patients 
had HBsAg and circulating HBV DNA. Six patients had 
increased plasma alanine aminotransferase concentra- 
tions (> 1.5 times the upper limit of the normal range). 
The mean follow-up duration was 87 months (range, 8 
to 187). 

Of the 10 patients with HBV-MN, six received antivi- 
ral drugs and four were given supportive care, including 
angiotensin-converting enzyme inhibitors or angioten- 
sin receptor blockers. Two of the four patients who re- 
ceived supportive care had nephrotic syndrome, and the 
other two patients had subnephrotic range proteinuria. 
One of the patients with nephrotic syndrome achieved 
partial remission, and the other had persistent protein- 
uria until being lost to follow-up at 8 months. One of the 
two patients with subnephrotic range proteinuria expe- 
rienced spontaneous remission at the 12-month follow- 
up, but the other patient's subnephrotic proteinuria 
persisted. 

Of the six patients treated with antiviral drugs, three 
had nephrotic range proteinuria and three had subne- 
phrotic range proteinuria. Four patients were treated 
with lamivudine and the other two with entecavir. 
Of four patients receiving lamivudine treatment, two 
achieved complete remission with seroconversion (i.e., 
development of anti-HBe antibodies), whereas the other 



two had lamivudine-resistant strains with mutations 
at the YMDD motif of the DNA polymerase, which was 
detected at 22 and 23 months following lamivudine 
treatment, respectively. After detection of lamivudine 
resistance, adefovir was added to one patient's drug reg- 
imen, and lamivudine was switched to clevudine for the 
other patient. Although both patients with lamivudine- 
resistant strains reached remission from proteinuria 
and virologic responses during lamivudine treatment, 
they achieved complete remission after their respec- 
tive changes in drug therapy. Following the addition of 
adefovir dipivoxil, the first patient's HBV DNA copies 
dropped from 24,194,771 to 78,047 at the 12-month 
follow-up, and the patient who had clevudine treatment 
saw virologic response and urinary protein excretion 
below 0.3 g/day within 5 months; however, myopathy 
occurred 6 months after clevudine treatment, so ente- 
cavir was substituted for clevudine at that point (Fig. 1). 

As mentioned above, two of the six patients treated 
with antiviral agents received entecavir from the be- 
ginning. One of these had nephrotic syndrome and the 
other had subnephrotic range proteinuria. They both 
achieved seroconversion, with development of anti-HBe 
antibodies, and urinary protein excretion below 0.3 g/ 
day after entecavir treatment, one within 6 months 
and the other at 19 months. No side effects or resistant 
strains were observed. 
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Figure 1. Flow chart illustrating the clinical course and 
treatment of 10 patients in the study. Numbers of boxes represent 
number of patients. HBV-MN, hepatitis B virus-associated 
membranous nephropathy; CR, complete remission; YMDD, 
tyrosine-methionine-aspartate-aspartate. 



DISCUSSION 

In this study, we report our experience treating HBV- 
MN, including lamivudine-resistant strains, with sev- 
eral antiviral drugs. The results show that in addition to 
lamivudine, the new antiviral drugs entecavir, adefovir, 
and clevudine were effective for treating HBV-MN. For 
lamivudine-resistant strains, switching to clevudine 
was effective for one patient in this study and adding 
adefovir was effective for another. Our data also indi- 
cate that entecavir, which is now the first-line agent for 
treatment of chronic B hepatitis [11], was an effective 
treatment for HBV-MN. 

Various management strategies have been tried for 
HBV-MN, but the ideal drug has yet to be found. Steroid 
and cytotoxic agents may do more harm than good by 
enhancing viral replication [5], and interferon-a has 
produced mixed results in adults with HBV-MN, in 
many cases inducing significant side effects [4,6]. On 
the other hand, current lamivudine treatment has im- 
proved renal outcome in HBV-MN with no side effects 
[7]. Similar effects have been reported for other types 
of HBV-associated glomerulonephritis [12], and lami- 
vudine was also an effective treatment for HBV-MN in 
our study; two patients treated with lamivudine in our 
study achieved urinary protein excretions below 0.3 g/ 
day with seroconversion (i.e., development of anti-HBe 
antibodies). 

A potential limitation of prolonged treatment with 
lamivudine is the emergence of drug-resistant virus 



strains, the frequency of which has been shown to in- 
crease with time: 24% at 1 year, 38% at 2 years, 50% 
at 3 years, and 67% at 4 years [8,13]. In our study, two 
of four patients (50%) treated with lamivudine experi- 
enced lamivudine resistance within 2 years. American 
Association for the Study of Liver Disease (AASLD) 
guidelines recommend adding adefovir to lamivu- 
dine, or substituting entecavir for lamivudine, to treat 
patients with lamivudine-resistant HBV [14]. In our 
case, the addition of adefovir (as per AASLD guide- 
lines) helped one patient with lamivudine resistance, 
as indicated by the reduction in HBV DNA copies at 12 
months, but further follow-up data were not available. 
After switching the other lamivudine-resistant patient 
to clevudine, virologic response and urinary protein 
excretion below 0.3 g/day occurred within 5 months. 
Clevudine has potent antiviral activity, but its efficacy 
against YMDD-mutant HBV has not yet been estab- 
lished [14,15]. Fortunately, the renal and liver outcomes 
of our clevudine patient were good; however, the patient 
experienced myopathy 6 months after starting clevu- 
dine treatment, necessitating a change to entecavir. 
Clevudine-associated myopathy has been seen in previ- 
ous reports [16]. 

Medical personnel started using entecavir to treat 
chronic hepatitis B in 2005, and now it is the first-line 
agent for treatment of naive chronic hepatitis B patients 
due to its strong HBV suppressive effect and low resis- 
tance rate [11,17,18] Recently, Ikee et al. [19] reported 
the clinical effects of entecavir in HBV-related MN, 
showing HBeAg seroconversion and HBV clearance. In 
our study, two patients were treated with entecavir as 
an initial therapy, and they went into complete remis- 
sion and seroconversion with development of anti-HBe 
antibodies within 13 and 19 months, respectively. En- 
tecavir resistance was not observed, and there were no 
side effects. Therefore, entecavir could also be a first- 
line agent for treatment of HBV-MN. 

Spontaneous complete remission of nephrotic syn- 
drome with seroconversion to anti-HBe is uncommon 
among adult patients with HBV-MN [4]. In our study, 
four patients were treated with supportive care only 
(i.e., without antiviral therapy), two with nephrotic syn- 
drome and two with subnephrotic range proteinuria. 
One of the patients with nephrotic syndrome experi- 
enced partial remission after 132 months, and the other 
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was lost to follow-up at 8 months. Of the two patients 
with subnephrotic range proteinuria, one had a sponta- 
neous remission and the other had persistent protein- 
uria. Thus, as in previous research, we did not observe 
spontaneous resolution of HBV-MN in patients with 
nephrotic syndrome. On the other hand, one of our pa- 
tients with subnephrotic range proteinuria in HBV-MN 
seemed to have had a spontaneous remission following 
supportive care. 

In most reports, the diagnosis of HBV-MN was based 
on the persistence of circulating HBV or HBV DNA, the 
absence of other causative agents, and/or the presence 
of HBV-specific antigen or viral genomes in the glom- 
erulus [20]. We did not perform immunohistochemical 
staining with antibodies against HBsAg, HBeAg, or 
hepatitis B core antigen in our study. It is not practi- 
cal to perform indirect fluorescent antibody assays in 
all centers. Moreover, the association between MN and 
HBs antigenemia is well-established in endemic regions 
[21]. Therefore, even though we were unable to perform 
such staining, we believe this study has clinical value. 

To date, there have been no reports of treatment 
for HBV-MN with lamivudine-resistant strains, even 
though the frequency of lamivudine-resistant HBV mu- 
tant strains is increasing. In our study, the addition of 
adefovir to lamivudine and the substitution of clevudine 
for lamivudine were both effective against lamivudine- 
resistant strains of HBV-MN. In addition, entecavir 
was effective for treating HBV-MN as an initial therapy. 
Therefore, new nucleoside analogues, such as entecavir, 
adefovir, and clevudine, can be effective initial treat- 
ments for HBV-MN and/or as rescue therapies in cases 
of lamivudine-resistance. 
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